Abstract -Introduction. Cordia africana Lam. is a tree that produces small fruits eaten in Ethiopia and other parts of Africa. The fresh fruit are sold in the market place in open bowls and, traditionally, the fruit is dried on the tree like dates. Materials and methods. Modern methods of processing the fruit were studied. Some of the changes in the nutrient content and chemistry of the fruit were measured using standard methods. Results and discussion. In the fresh fruit, the traditional method of handling collected 7.6 g dust kg −1 . The TP (total phenols measured with Folin Ciocalteu's reagent) contents varied significantly between the processing methods. Using a solar dryer, the fruit dried within 5 days while the on-tree drying process took 63 days. The taste of the fruit from the direct solar dryer was less preferred to those dried on the tree. The TP values were found to be good in the dried fruits with 200 g fruit being enough to meet the daily requirement. In addition, the vitamin A and vitamin C levels were still good after drying and storage. For both fresh and dried fruits the organic acid and basic sugar profile did not show a very clear picture, as the difference in rainfall and evaporation rates between the two years of the study influenced these parameters. The headspace gas chromatography (HSGC) gave 20 volatile organic compounds and the coupled mass spectrometry (HSGC-MS) gave 39 volatile organic compounds. Conclusion. The dried fruit of Cordia africana could be used to partially meet the daily nutritional requirements of households in Ethiopia.
Introduction
The fruit of Cordia africana are widely eaten in most parts of Ethiopia and other countries in Africa [1] [2] [3] [4] . During the study it was found that the fruit is used both fresh as well as after being dried and stored. The tree produces a lot of fruit during the dry season when other fruits can only be produced where there is irrigation and the stores of basic food crops in households are running low. Cordia is also known to produce fruit in drought years as the tree has deep roots. The fruit was found to be a very good source of total phenol antioxidants. In addition, it is a good partial source of nutritionally important iron and vitamin A, as well as some protein, calcium, copper, potassium, magnesium, manganese, phosphorus, and vitamin C [5, 6] . Traditionally, the fresh fruit is collected, sorted and cleaned by hand and spread out on plastic flat-bottomed bowls in the sun before and during selling. This marketing of the fresh fruit is only at a small scale in some local markets. The dried fruit is mainly stored to be consumed at household level and is seldom sold. Sun-drying of fruit is an old traditional method of preservation found all over the world [7] . Traditionally, the Cordia fruit are also dried on the tree like dates [8, 9] . The process of drying fruits on trees has not been studied in detail except for the study done on dates. Thus the investigation of the actual drying process was found to be important. In addition, it was thought that it may be more nutritious and economical to dry the fruit in cabinet direct solar dryers [10, 11] . Thus a comparison of the two processes was undertaken.
The improvement of the marketing of this fruit is important in that it can contribute to the improvement of overall nutrition of the Ethiopian population while also increasing the income of local producers and processors. To improve marketing of the fruit and securing food safety, the processing, packaging, and market chain also needs improvement [12] [13] [14] [15] [16] [17] [18] [19] [20] . To look at the improvement potential in post-harvest handling, processing methods that included collection, sorting, washing, air drying under shade, and storage in clean ventilated, i.e. not sealed containers was compared to the traditional processing method.
The objective of this study was to compare the effects of modern and traditional Cordia africana fresh and dried fruit processing methods as related to time, visual presence of micro-organisms, physical parameters, moisture, vitamins A and C, antioxidant levels and organic acid profiles.
Materials and methods

Cordia africana fruit sampling strategy
Five Cordia africana trees were selected and marked. All the processing tests were undertaken on the fruits of these five trees.
Fresh fruit
Fruit were collected from all five trees. These were then divided into three groups. The first group was frozen immediately. The second group was washed; air dried, and laid out in the shade for seven days to represent what would happen to the fruit if they were sold in shops, which will be referred to as modern in this paper. After seven days they were frozen. The third group was given to a traditional fruit merchant to process. She washed the fruit; air dried them and laid them out in plastic flat-bottomed bowls on the floor in the market. The fruit were thus exposed to the sun, wind, dust and handling during the day and were taken back into the house to stay overnight for seven days. After seven days the fruit were taken from the traditional fruit merchant and frozen. All the fruit collected initially as fresh were frozen until processed for analysis.
Dried fruit
From each tree, ten bunches were selected. From these ten bunches, the fruit from five bunches were taken for direct drying in a solar dryer while the fruit of the other five bunches were left to dry on the trees. On each of the ten bunches ten fruits were marked with thread tied around the fruit stalk. Each of the fruit for direct drying in the solar dryer was measured daily. Each fruit left on the trees to dry was measured every other day. The vertical and diagonal dimensions were measured and the colour was recorded. Each time a measurement was taken; two fruits were removed to determine their moisture content as representative of the moisture content of the bunch. This process of taking measurements of drying fruit was carried out in 2010 and again in 2012.
Analytical methods
For each tree, the size, colour, weight, moisture and ash were determined from individual fruits selected from the fruit bunches, while TP (total phenol), FRAP (ferric reducing activity power), and vitamin A and C, and organic acid profile values were determined from the homogenized samples. For homogenization first the fruit cap was removed followed by the removal of the fruit skin. The remaining sticky flesh was dissolved in a specified amount of water (50−150 mL depending on the number of fruit collected and fruit flesh size) and blended with an egg whisk. When the stone had been separated from the flesh, the stone was removed. The previously separated skin was put back into the dissolved fruit flesh and blended to produce a homogenized fruit pulp paste. As the homogenisation process involved dilution, TP, FRAP and vitamin A and C, and organic acid profile values were calculated back to discount for the dilution.
Physical description of the fruit
Size: the size, in cm, was measured for both diagonal and vertical dimensions of the fruit [21] . This was done using a micro-calliper.
Colour (L*a*b): the colour was initially measured using a colour chart from the Natural Colour Systems [22] . The Natural Colour Systems colours were then converted to the CIE L*a*b* colour [23, 24] reading using a Minolta colour meter.
Hardness: the hardness was measured using personal judgment, and hardness classes of Medium, Soft, and Hard were set.
Physico-chemical properties
Moisture content (%) was determined following the AOAC 934.06 standard [25] Vitamin C (mg 100 g −1 ) was measured following AOAC 967.21 standard with the metaphosphoric acid-acetic acid solution replaced by 0.1% oxalic acid [26, 27] Vitamin A (μg 100 g −1 ) was measured using the method where trans-β-carotene was extracted one time with ethanol: hexane (4:3 v/v) and two times with hexane. The determination was carried out by rp-HPLC with UV/DAD detection (450 nm). For quantification a 3-point calibration curve was used. The calibration standards used were pure compounds from Sigma, purity > 98%. The purity of the standards for each calibration was determined by a series of spectrophotometric measurements (UV 340/455/483 nm) method described in DIN EN 12823-2:2000 [28] [29] [30] .
Ferric Reducing Activity Power (FRAP) (μmol L −1 ): 3 g of the homogenate was extracted in 30 mL methanol, centrifuged and the supernatant was mixed with acetate buffer, TPTZ and iron trichloride, incubated for 10 min and the absorbance was measured at 595 nm. Standards were prepared using Trolox to which readings were compared, following the Konelab 30i outline and method [31, 32] .
Total Phenols (TP) (mg GAE 100 g −1 ): 3 g of the homogenate was extracted in 30 mL methanol, centrifuged and the supernatant was mixed with Folin Ciocalteu's reagent and 7.5% (w/v) sodium carbonate, then incubated for 15 min, after which it was measured at 765 nm. Standards were prepared using Gallic acid to which readings were compared. For the analysis the Konelab 30i outline and method was followed [31, 32] .
Basic sugars and organic acids were analysed by High Pressure Liquid Chromatography (HPLC) (in ppm): 1 g samples were prepared by mixing them with 2.5 mL ultra-pure water, 0.2 mL 1N H 2 SO 4 and 8.0 mL acetonitrile (Merck KGaA, Darmstadt, Germany). The mixture was shaken by hand and then by a rotary mixer for 30 min. After mixing the sample was centrifuged at ca. 1,500 g for 15 min. The supernatant was then filtered through a filter with 0.2 μL pore size and filled directly into the sample vial and sealed with a plastic cap. Separation of organic acids and carbohydrates was achieved by injection of 25 μL of the filtered sample onto an Aminex HPX-87H HPLC column (Bio-Rad Labs., Richmond, CA, USA), at 32
• C. For the mobile phase, H 2 SO 4 (5 mM) at a flow rate of 0.4 mL min −1 was used. The detection of organic acids and basic sugars was made using a UV detector set at 210 nm and a refractive index detector respectively (Perkin Elmer, Norwalk, CT, USA). Quantification was done through comparisons of retention times against those of standards made of known concentration mixed in ultra-pure water [33, 34] .
Volatile organic compounds: were detected by Headspace Gas Chromatography (HSGC) (in ppm) from 10 g samples weighed into a headspace vial and sealed with a Teflon coated septum and aluminium ring. Samples were equilibrated at 50
• C for 45 min in a Hewlett Packard HP 7694 headspace sampler and a sample of 1.0 mL headspace gas was injected into the GC using nitrogen as a carrier gas at a flow rate of 5 mL min −1 . The headspace manifold was set at 60
• C. Separation of the volatile compounds was achieved using a CP-Sil 5 CB column, 25 m long, 0.53 mm internal diameter and 5 μm film thickness and applying a GC temperature program of: 53
• C 1 min; increased at 15
• C, 2 min; then increased at 22
• C min −1 to 130 • C, 3 min. External calibration curves with standard solutions were used to identify and quantify the compounds [33] .
Volatile organic compounds were analyzed by Headspace Gas Chromatography Mass Spectrometry (HSGCMS): samples were prepared in the same way as for the HSGC. Volatiles were sampled dynamically using a Teledyne Tekmar HT3 TM Static/Dynamic Headspace System with HT3 Teklink v. 1.2.1104 software (Teledyne Tekmar, Mason, OH). Vial conditions were 50
• C with a preheating time of 5 min and mixing set at five. Then a Helium flow of 50 mL min −1 for 10 min was used to trap the volatiles on Tenax r GR 60/80 mesh size (Supelco Analytical, Bellefonte, PA) kept at 25
• C. Dry purge flow was 75 mL min −1 for 2 min at 25
• C. Desorption was performed at 280
• C with a gas flow of 75 mL min −1 for 5 min with a transfer line temperature of 100
• C. Separation was performed using a 6890N Network GC System (Agilent Technologies, Waldbronn, Germany) fitted with a DB-WAXETR 30 m × 0.25 mm × 0.50 μm capillary column (Agilent Technologies) with 1 mL min −1 helium as carrier gas. Temperature programme was 30
• C for 10 min, then 1
• C and 6.5
• C min −1 to 230 • C followed by 5 min hold-time. Detection was by a 5975 Inert XL Mass Selective Detector (Agilent Technologies) with the following conditions; electron ionization mode (70 eV) with ion source temperature at 200
• C scanning continuously the range 33 to 300 m/z. The GC/MS used MSD ChemStation D.02.00.275 software and the volatile compounds were identified using NIST MS Search 2.0 (Agilent Technologies), using retention times and with authentic single reference compounds. Performance of the system was verified with blanks and standards [35] .
Results and discussion
Physical characteristics
Fresh fruit
The fresh fruit once processed was divided in to two groups based on how they were processed by modern and traditional methods. At the end of the seventh day both modern and traditionally processed fruits showed no visible signs of microbial presence. Though the fruit in both cases appeared similar, the traditionally processed fruits had a lot of dust on and with them. With simple shaking, the dust was removed and per kilogram of fruit there was an average of 7.6 g dust. This was not surprising considering that they were laid out in dusty streets in the markets. The overall physical characteristics measured are presented in table I.
On day seven, the processed fruits were significantly different in diameter compared to the fresh fruit off the trees. In a similar manner the processed fruits were significantly different in colour from the fruit fresh off the tree, with the colour being darker with less green, less yellow, more red and more blue on the seventh day. The traditionally processed fruits were significantly drier compared to the fresh fruits off the trees, however there was no significant difference between fruit fresh from the tree and the modern processed fruit with respect to the other parameters. All the noted significant changes can be explained by the drying process of the fruit. The values from the fresh fruit off the tree are consistent with a study looking at more trees in the region) [6] .
Dried fruit
The fruits dried directly in the solar dryer grew mould as the weather was unusually moist and the fruits were stored in plastic bags. A second drying was undertaken and the fruits were dried further than in the first trial and were stored in paper bags. The measurements from both drying trials are presented in table II. The number of days the fruits dried in the second drying was the same but the moisture content was lower as the fruits were collected later in the season. During the second drying the fruit size became smaller, the colour darker with more red/magenta colour, and less yellow colour in it. All these differences can be explained by the fact that the fruits used in the second drying were collected later in the fruiting season.
The summary of the data from the fruit drying process on the trees is presented in table III. The drying process on the tree took 63 days with measurements taken on 33 days. The average values presented in the table only give the overall picture; the changes that occurred through time can be seen in the minimum and maximum values. They are however better represented in the time series analysis, shown in the following box plot of the moisture content ( figures 1-2, table IV) . The long time it takes for the fruit to dry on the trees leaves them exposed to bird and insect attack, incidental rain causing fungal and other microbial growth. Thus considering the physical parameters only, the direct drying in the solar dryer gave better dried fruit.
The time series data were collected over 5-and 63-day intervals. The information from the basic parameters measured is therefore, summarised and compared in table IV. Time series summary of the parameters measured in the solar dryer and tree drying processes. Overall, the drying process on the tree took 13 times longer than that in the solar dryer, exposing the fruit to rain, dust, and insect and bird attack. The overall physical parameters were similar. However, a simple taste test involving 15 people, lab attendants and students showed that the fruit dried on the trees had a preferable taste from the third month after the drying process had started. When the same test was undertaken a year after the drying process fruit dried by both methods had similar taste. For this reason further analysis on the aroma compounds and basic sugar profile was undertaken to describe this difference.
Chemical characteristics
Both dried and fresh fruits were collected, processed and analysed. The ferric reducing antioxidant power (FRAP), total phenols (TP), vitamin C and vitamin A amounts were measured. The summarised results of these measurements and the comparison of means on a dry matter basis are presented in table V. The dry matter mean was used to give a similar basis for comparison as the fruit were both fresh and dry.
The fresh fruit processing did not show any significant difference with respect to the FRAP and vitamins tested, while it varied significantly for the total phenol values. Looking at the dried fruit, the same pattern can be seen for the vitamins, while the FRAP and TP values varied significantly. Both results show that the TP and FRAP varied significantly across the different processing methods used. The results are however offset by the fact that 2010 was an exceptionally wet year, while 2012 was a relatively drier one. The monthly rainfall for April and May was 79.4 and 29.9 in 2010 and 37 and 20.6 mm per month in 2012 respectively. During the same time the average daily evaporation rate was 9.6 and 9.18 in 2010 and 9.12 and 10.18 mm per day in 2012. This gave an average deficit of 227.05 mm per month for 2010 and 260.7 mm per month for 2012. This can be seen in the fact that the fruits stored for two years had more antioxidants in the TP and FRAP measurements than the freshly dried fruits. As would be expected per dry matter comparison the fresh fruit had significantly higher vitamin C and vitamin A levels [26, 36] . However, the dried fruit still had a good content of vitamin C even after two years of storage; consumption of just 967 g would meet the daily intake requirement [37] . The vitamin A though further reduced can still be used as a partial source, but a kilo of fruit would need to be consumed to meet the daily intake requirement. The TP values were also good in that eating 200 g or more of dried fruit would meet the American and European dietary standards [38, 39] .
The tastes of the processed fruit were compared by a simple untrained panel and using organic acid and basic sugar profiling. The panellists found the taste of the on-tree dried fruits to be preferable in the short term; however this difference was not noticeable after a year of storage. For this reason a comparison was undertaken using basic sugars, organic acids and volatile organic compounds using HPLC, HSGC and HSGCMS. The results are briefly presented in table VI, with the details in tables VII and table VIII.
In the HPLC maltose, glucose, fructose, citric acid, succinic acid and acetic acid were identified and their quantities were measured. In the HSGC 17 volatile organic compounds were identified and their quantities were measured (tables VII). Comparing the dried and fresh fruit, only five compounds 3-metyl-1-butanol, acetoin, 2-metyl-butanal, 2-metyl-propanal and acetaldehyde were significantly different in concentration as compared to the dried fruit. In addition, 2-butanone and 2-butanol are found only in the fresh fruit. The comparison of the dried fruits is again offset by the rainfall difference between the years. Looking at the basic sugars, it is interesting to note that the sugar level in the on-tree dried fruit is consistently as high as that of the fresh fruit for the sample of 2010 for fructose and glucose. In contrast for maltose it is the solar dryer dried fruit that resembles the fresh fruit. The ethanol content in all forms of the fruit was consistently very high, though it varied significantly with almost all the processing methods. With the HSGCMS only volatile organic compounds were collected and 39 compounds were identified: the results are presented in table VIII. The compounds identified by HSGCMS were checked in the literature and pentane, 2-bromo and dextroamphetamine were not found in literature on fruit. Paired t-test, one way ANOVA, and cluster analysis tests undertaken for identifying significance of the presence and absence of the compounds showed no significant differences. Twenty one out of the 39 compounds were found in only one of the fruit categories. Twelve of them are in common with the HSGC analysis, while 27 were only identified with the HSGCMS method and 8 were identified only in the HSGC method.
Conclusion
The results of our research showed that the fresh fruit processing and marketing process need to be improved as the fruit processed by the traditional method were found to contain dust, though vitamin C and A levels did not change significantly from that of the fresh and solar dryer processed fruits. The direct drying process using the solar dryer saved a lot of time and kept the fruits clean and safe from insect and bird attack. However, the taste of the fruit was not the same until it had been stored for a whole year. Acceptability and cost factors need to be studied and considered for the promotion of the use of direct drying with a solar dryer. The processing method did not have any significant effect on the TP, vitamin C and A levels of the dried fruit. Even though the drying process reduced the TP and vitamin C levels, the content was still high enough for the dried fruit to be considered a good sources of these nutrients. The FRAP and TP value comparisons were offset by the difference in rainfall in the two years where sampling was undertaken. The basic sugar, organic acid and volatile organic compound comparisons showed that the fresh and dried fruit varied significantly from each other. Looking at the dried fruit, the difference again was offset by the rainfall variation in the years when the study was carried out The HSGC and HS-GCMS gave 12 similar compounds. In conclusion, the fresh fruit processing and marketing process needs improvement. The dried fruit were found to still be nutritious, thus drying is a very good method for processing and preserving fruits. The use of the solar dryer saved time and kept the fruit in a better condition, however the taste needed time to mature and this needs further study before promotion. 0,000 ± 0,000 0,000 ± 0,000 B NDT 0,000 ± 0,000 0,000 ± 0,000 B ODM 0,000 ± 0,000 0,000 ± 0,000 B ODT 0,000 ± 0,000 0,000 ± 0,000 B * Significant at 5%. * * Significant at 1%. P is the confidence interval. N = 35 composite fruit samples. 2-butanol FF 0,00 ± 0,00 0,00 ± 0,00 B 0.00 ** FM 0,22 ± 0,08 0,10 ± 0,04 A FT 0,26 ± 0,10 0,10 ± 0,04 A NDM 0,00 ± 0,00 0,00 ± 0,00 B NDT 0,00 ± 0,00 0,00 ± 0,00 B ODM 0,00 ± 0,00 0,00 ± 0,00 B ODT 0,00 ± 0,00 0,00 ± 0,00 B Ethyl acetate 
